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Good measurement practice (GMP) in the exposure assessment of
occupational ELF electromagnetic fields
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Good practice for measuring the electromagnetic field (EMF) in occupational and other situations is a
multi-step concept. It starts by mastering the basic physics for field characterisation [1 2, 3, 4, 5]. In this
respect it is important to mention the fact that, because of the ELF near-field exposure, the electric and
magnetic field have to be measured and evaluated separately. GMP should be based on a balanced
experimental design [6,7] related to the CENELEC standards [8, 9, 10, 11, 12] and will have to take
into account variability and uncertainty [13, 14] caused by a panoply of factors.
An obvious and important aspect in GMP is the consult with the safety staff about the exposure
problem, the measurement objectives and the job content of the workers in terms of exposure position
and duration. In order to define the complexity of the measurement situation, GMP requires a careful
inspection of the working environment. A list of the relevant sources, their EMF characteristics and
their orientation with respect to the workers or adjacent offices is indispensable. If the waveform and
the harmonic content are unknown they have to be defined by oscilloscopic and spectrum analyses
respectively. Compliance of unperturbated single frequency fields without substantial harmonics can be
measured by broadband equipment and be tested regarding to the ICNIRP (1998) formulas for single
frequencies [5]. However, if one is faced to several sources emitting different frequency fields or to a
single source emitting a substantial amount of harmonics selective measurements have to be
performed and by consequence compliance testing is based on multi-frequency exposure approach
[5]. GMP becomes still more complex if complex pulsed non-sinusoidal waveforms are part of the
exposure game. In such cases advanced oscilloscopic techniques and spectrum analyses have to be
combined. A crucial point of such a combination is that the oscilloscopic harmonic content doesn’t
always fit with the one observed by spectrometry. Anyway, reasons have to be found, repeated
measurements have to be performed for exposure reality and compliance testing with standards or
guidelines for complex exposure situation [3]. By performing GMP one always has to keep in mind that
variability and uncertainty are a part of each measurement scenario. Though variability is a property of
nature related to value heterogeneity over time, space and subjects and uncertainty is a lack of
knowledge about the true value of exposure due to measurement errors or other factors, repeated
measurement for defining the degree of reproducibility can bring some insight in both variables.
What about the relation between stationary and personal exposimetry? Is personal exposimetry a more
realistic measurement approach than the stationary one?
Would personal exposimetry be efficient enough to result in the long run in a ELF EMF job exposure
classification instead of a working place or source exposure classification? Which is the part of the total
exposure variation that can be explained by the mobility of the worker moving from high to low
occupational exposure areas? The introduction of a relative exposure index [15] for estimating the
relation between the stationary and personal exposimetry could lead to some better insight in these
issues.
Summarizing it may be stated that GMP is a complex process from which the methodology depends on
the needs and the objectives of the exposure assessment. My talk will deal with the application of the
GMP on high exposure sources like arc [16] and induction [17] ovens used in the metal industry,
electrical welding equipment and handheld activators for magnetization of the antitheft safety strips in
libraries. Since it was recently suggested that ESD could trigger Lipoatrophia Semicircularis [18, 19] a
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brief touch upon the waveform, the generated electric and magnetic field and the GMP for ESD will be
given too.
References
[1] ICNIRP 13/2003, Exposure to Static and Low Frequency Electromagnetic Fields, Biological Effects and
Health Consequences (0 – 100 kHz). Int. Commission on Non-Ionizing Radiation Protection 2003.
[2] Jokela K. (2000) Restricting exposure to pulsed and broadband magnetic fields, Health Phys. 79: 373388.
[3] ICNIRP (2003) Guidance on determining compliance of exposure to pulsed and complex non-sinusoidal
waveforms below 100 kHz with ICNIRP Guidelines. Health Physics 84: 383-387.
[4] Keikko T. et al (2006) Magnetic Field Exposure Metering. Biological Effects of Electromagnetic Fields,
proceedings, 4th International Workshop 16-20 October 2006, Crete Greece.
[5] ICNIRP (1998) Guidelines for Limiting Exposure to Time-Varying Electric, Magnetic, and
Electromagnetic Fields (up to 300 GHz), Health Physics, vol. 74, No. 4 (April), 494-522.
[6] Clarke G.M. (1980), Statistics and Experimental Design, Edward Arnold Publishers Ltd.
[7] NIOSH Manual for measuring occupational electric and magnetic field exposure. U.S. Departement of
Health and Human Services. Public Health Service. Centers for Desease Control and Prevention.
National Institute for Occupational Safety and Health. DHHS (NIOSH) Publication No. 98-154.
[8] CENELEC 2005, Basic standard on measurement and calculation procedures for human exposure to
electric and magnetic and electromagnetic fields ( 0 Hz – 300 GHz). Final draft pr EN 50413.
[9] CENELEC 2006, Determination of workers exposure to electromagnetic fields. prEN – Draft-GenericWorkers-version 9.0-2006-06. Document prepared by the CENELEC body: TC106/WG4.
[10] CENELEC EN 50392: 2004-01: Generic standard to demonstrate the compliance of electronic and
electrical apparatus with the basis restrictions related to human exposure to electromagnetic fields ( 0
Hz – 300 GHz). CENELEC Standard
[11] CENELEC TC26A/Sec0150/DC, prEN 50xx1 draft 2002-12, Product family standard to demonstrate
compliance of equipment for resistance welding, arc welding and allied processes with the basic
restrictions related to human exposure to electromagnetic fields (0 Hz – 300 GHz).
[12] CENELEC TC26A/Sec0151/DC, prEN 50xx2 draft 2002-12, Basic standard for the evaluation of human
exposure to electromagnetic fields from equipment for arc welding and allied processes.
[13] Cullen A.C. and Frey H.C. (1999), Probabilistic Techniques in Exposure Assessment. A Handbook for
Dealing with Variability and Uncertainty in Models and Inputs. Plenum Press New York and London.
ISBN 0-306-45956-6.
[14] Decat G, Falsaperla R, Gryz K., Hietanen M., Karpowicz J., Mild K.H., Rossi P., Sandström M. (2006),
Mid-term technical report on occupational EMF exposure. EMF-NET Main Task MT2 WORKEN, EMF
exposure related risk in the working environment.
[15] Decat G (2006) Relation between stationary and dynamic magnetic field exposure of people living
CLOSE to power lines REI. Proceedings BEMS 28th Annual Meeting June 11-15, Cancun, Mexico.
[16] Decat G., Deckx L., Meynen G (2006), VITO-report on EMF compliance testing of arc ovens for metal
melting: part 1 and 2: not published confidential data.
[17] Decat G., Deckx L., Meynen G., De Graef E., Jonlet F. (2006), Magnetic fields of Induction Heaters in
the Framework of directive 2004/40/EC of the European Parliament and of the Council, International
Journal of Occupational Safety and Ergonomics (JOSE), vol. 12, No. 2, pp. 169-176.
[18] Decat G., Wevers M., Kessels P., Meynen G., Schepers K., Duyssens K., Deckx L., Van Tichelen P.;
Grabarczyk Z., Fotis G. (2005), Is electrostatic discharge produced under office working conditions in
such a way that it can trigger Lipo Atrophia Semicircularis, Int. Workshop on Electromagnetic fields in
the workplace, Warszawa, Poland, September 5-7.
[19] EMF-NET EFRT (2006) Fact sheet on Possible evidence for an association between Lipoatrophia
Semicircularis and EMF. December 2006 (http://www.jrc.cec.eu.int/emf-net/index.cfm).

ABSTRACT

